Volatile organic compounds (VOCs) from seeds of Nigella damascena L. were isolated using different techniques. The yield, as well as the qualitative and quantitative composition of the oils, was strongly influenced by the isolation method. In the hydrodistilled essential oil, the major components were the sesquiterpene hydrocarbons β-elemene (59.1%), β-selinene (12.8%) and α-selinene (12.6%). Conventional solvent extraction, followed by hydrodistillation, resulted in a volatile oil with a different composition than that of the hydrodistilled oil. The extracted oils predominantly contained sesquiterpene hydrocarbons, but also methyl anthranilate derivatives. By means of HS-SPME, it was possible to analyze not only sesquiterpenes and anthranilates, but also monoterpenes and the most volatile compounds, for example, the lower fatty acid (butyric, capronic) esters, which determine the characteristic sweet scent of N. damascena seeds. Using all testing methods, 55 compounds were identified, 40 of which are new for N. damascena seed VOCs.
The major volatile components of the seeds of N. damascena cultivated in Italy [2a,2b] , Morocco [2c] and Lithuania [3] have been reported. The yield of essential oil was in the range 0.13-0.39% and strongly depended on plant origin [2a-2c] , while a lower influence of the time of sowing was observed [4] . Only a small fraction of the essential oil consisted of organic compounds other than sesquiterpenes; the main component was either β-elemene (50-73%) [2a-2c] or germacrene A (53%) [2a] . However, the main constituents of the Soxhlet (diethyl ether) and supercritical extracts obtained under different conditions (carbon dioxide) were fatty acids (36-50%), followed by sesquiterpene hydrocarbons and anthranilates [3] . However, we did not encounter any reports presenting the influence of different isolation techniques on the composition of the essential oil recovered from the plants grown in the same region. In this work, we compared both the quantitative and qualitative composition of N. damascena volatiles obtained with different methods:
hydrodistillation, simultaneous hydrodistillation-extraction, and Soxhlet extraction followed by hydrodistillation and HS-SPME.
The amount of volatile oil obtained depended on the isolation method. The yield using the Likens-Nickerson apparatus (SDE) was two times higher (1.02%) than that of the hydrodistilled (HD) essential oil (0.58%), but similar to that obtained by hydrodistillation of the extract obtained by Soxhlet extraction with either light petroleum (E n /HD: 1.30%) or with a mixture of n-pentane and diethyl ether (E pe /HD: 1.00%). The seeds of plants harvested in Poland contained more volatiles than plants grown in Italy, where the yield of essential oil obtained by HD was 0.13-0.38 % [2a,2c] and by SDE 0.39 % [2b]. The composition of the seed volatiles obtained by the different methods is presented in Table 1 . The content of the major constituent, β-elemene was quite similar in all the oils and the SPME extract, and varied from 59% (HD) to 73-76% (other methods). However, the content of other sesquiterpenes varied significantly between the different isolation NPC Natural Product Communications 2009 Vol. 4 No. 11 1577 -1580 techniques. The HD essential oil contained the highest amount of sesquiterpene hydrocarbons (about 96%), of which the main ones were β-elemene (59.1%), β-selinene (12.8%) and α-selinene (12.6%). Both α-and β-selinene were also found in the SDE essential oil, but in significantly lower concentration: 0.9% and 2.2%, respectively. In the hydrodistilled oil (HD) we identified also two oxygenated sesquiterpenes, 5-epi-paradisiol (0.3%) and eudesm-11-en-4α-ol (0.6%), higher aliphatic alkanes and fatty acid esters (1%); these constituents, except for octadecane, have not been found in other oils. Of the oils obtained by SDE and by conventional solvent extraction, both E n /HD and E pe /HD were similar, but differed from the hydrodistilled oil. These oils contained not only a higher concentration of β-elemene (over 70%) than the HD oil, but also of the two nitrogen compounds, methyl 3-methoxyanthranilate (up to 0.1%) and methyl 3-methoxy-Nmethylanthranilate (damascenine: up to 10.6%), which were not found in the hydrodistilled oil. Both anthranilic acid derivatives have already been identified in the SDE oil (0.2% and 3.2%, respectively) [2a] , and in higher concentration in the chloroform extract (4.9 % and 30%, respectively) [2c]. Rchid el al.
[2d] were able to find damascenine (12.7%) in the hydrodistilled essential oil obtained by dichloromethane extraction of the oil/water mixture. The lack of these components in our HD oil might be caused by their high polarity and solubility in water. We noticed that seeds of N. damascena contained not only sesquiterpenes, but also monoterpenes, esters of fatty acids (butyric and capronic) and other nonterpene compounds. All these high volatile, nonsesquiterpene components were identified only by using the HS-SPME method. By means of this, it was possible to detect dimethyl sulfide and methyl anthranilate. These compounds, together with esters of butyric and capronic acid are responsible for the characteristic scent of N. damascena, even though they are present in the seeds in only low concentrations. Sesquiterpene hydrocarbons constituted 87.7% of all the compounds detected by SPME, and β-elemene was the predominant component (76.3%). HS-SPME also allowed the identification of the two methoxy derivatives of methyl anthranilate. What is more, compound 31, which constituted 1.1% of the SPME extract and 0.5% of the volatile oils, was recorded for the first time for N. damascena seeds. This component, identified with a molecular weight of M = 209, suggested the presence of one nitrogen atom, and an additional CH 2 group in comparison with damascenine (44). Similarity of the MS spectrum of the unknown compound (31) to those of methyl 3-methoxyanthranilate (42) and methyl 3-methoxy-Nmethylanthranilate (44), led to the conclusion that compound (31) is a homologue of 42 and 44. Moreover, the retention index of 31, which is significantly lower than those of 42 and 44, showed the tertiary amino group of compound 31. This information led us to suggest that the unknown compound is methyl 3-methoxy-N,N-dimethylanthranilate. For definitive confirmation of this structure, we synthesized this compound from commercially available 2-amino-3-methoxybenzoic acid. The spectroscopic data of synthesized 31 was found to be identical to these of the N. damascena essential oil component.
Using all methods of extraction it was possible to identify 55 compounds, 40 of which were new for this species (Table 1 ). The SPME method enabled extraction of almost all the sesquiterpenes that were isolated by hydrodistillation, with the exception of a few C15 hydrocarbons found in only trace amounts in the essential oil. However, the most volatile compounds, like the esters of the lower fatty acids (butyric, capronic) and monoterpenes were identified only by means of the HS-SPME method. This is a sensitive and selective method for the analysis of VOCs from N. damascena seeds, and thus we recommend this method for analysis of N. damascena volatiles as a supplementary one to the traditionally used hydrodistillation and extraction.
Experimental
Plant material: N. damascena L. was cultivated in Poland in 2002. The seeds were purchased from a market and stored in paper bags at ambient temperature.
The voucher specimen (# PL704/63/51/015A) was deposited in the Institute of General Food Chemistry, Lodz, Poland.
Hydrodistillation:
The essential oil from crushed seeds was isolated by hydrodistillation of 100 g batches for 4 h using a Clevenger-type apparatus.
Simultaneous hydrodistillation-extraction:
Essential oil from crushed seeds (50 g) was isolated by hydrodistillation-extraction (n-pentane) for 4 h using a Likens-Nickerson apparatus. The solvent was evaporated under reduced pressure in a rotary evaporator and the oil was weighed.
Soxhlet extraction:
Fifty g crushed seeds were extracted with 300 mL of light petroleum, and a n-pentane diethyl ether (1:1) mixture for 4 h. The
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Natural Product Communications Vol. 4 (11) 2009 1579 tr -<0.05%; a -compounds identified for the first time in seeds of N. damascena; b -RI -experimental retention indices on CP Sil 5 CB column c -hydrodistillation (HD) ; d -simultaneously hydrodistillation-extraction (SDE); e -extraction with light petroleum in Soxhlet apparatus and hydrodistillation of extract (E n /HD), f -extraction with a mixture of n-pentane and diethyl ether (1:1) in Soxhlet apparatus and hydrodistillation of extract (E pe /HD); g -HS-SPME solvent was evaporated under vacuum in a rotary evaporator. Extracts were hydrodistilled (Clevengertype apparatus) for 3 h to obtain the volatile oils.
SPME sampling:
The SPME fiber (DVB/CAR/PDMS) and the holder were obtained from Supelco Ltd. (Bellefonte, PA, USA). The fiber was first conditioned according to the manufacturer's instructions. A 10 g sample of freshly-crushed seeds in a 20 mL glass vial with a silicone septum was kept for 15 min in a water bath at 60°C to achieve partition equilibrium between the sample and the air in the vial, and after that the SPME fiber was exposed to absorb the analytes for 30 min.
GC and GC-MS analysis:
The capillary GC-FID analyses were performed using a Vega 6000 (Carlo Erba) gas chromatograph. Nitrogen was used as carrier gas (1 mL/min). A CP Sil 5 CB capillary column (30 m/0.32 mm i.d.; 0.25 µm film thickness) was used for compound separation. The conditions of analysis for essential oils were: temperature program 60°C (0.5 min) to 300°C at 4°C/min (30 min). Injector and detector temperatures were 320°C and 310°C, respectively. For the HS SPME samples: temperature was programmed as follows: 60°C (0.5 min), 4°C/min heating rate to 250°C for 30 min. Injector temperature, 230°C and detector temperature 250°C. Relative retention indices were determined using C8-C32 n-alkanes as external retention time references. GC-MS analyses were carried out on a Fisons GC 8000 instrument. The column and the temperature program were the same as for GC analysis. Helium was used as carrier gas (1.0 mL/min). The MS ionization mode was electron impact (EI) at 70 eV electron energy.
Spectroscopic analysis:
NMR spectra of the essential oil fractions were recorded with a Bruker DPX 250 Avance spectrometer in CDCl 3 , with TMS as internal standard.
Identification of components:
Identification of compounds was based on comparison of their MS, 1 H and/or 13 C NMR spectra with those of authentic samples using the computer library NIST 98.1 and MassFinder 3.1, along with the relative retention indices (RI, CP-Sil 5 CB column).
To isolate and identify the minor volatiles, the essential oil (12.5 g) was fractionally distilled under reduced pressure using a Vigreux column. Fractions were flash chromatographed (FC) on silica gel (Merck), using n-hexane and mixtures of n-hexane with increasing amounts of diethyl ether. Samples were analyzed by GC, GC-MS and some by 1 H and 13 C NMR spectroscopy.
Methyl-3-methoxy-N,N-dimethylanthranilate (31):
To the stirred and cooled to 5°C solution of commercially available 2-amino-3-methoxybenzoic acid (1.00 g, 6.0 mmol) and 5.00 g of potassium carbonate (36.2 mmol) in acetone (20.0 mL), 2.3 mL of dimethyl sulfate (3.10 g, 24.3 mmol) was added slowly. During the addition of sulfate, the temperature was maintained at 10°C. After this addition, the cooling-bath was removed and stirring was continued at room temperature for 24 h. Next, 80 mL of water was added and the product was extracted with ethyl acetate (3 x 20 mL). The organic layer was washed with brine and dried over anhydrous magnesium sulfate. The solvent was removed by evaporation and the residue was flash chromatographed on silica with n-hexane:AcOEt (7:3) to obtain 0.93 g (4.4 mmol, yield 73%) of methyl-3 methoxy-N,N-dimethylanthranilate (GC 98%). 
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